The research was based on the feasibility study for the development of new services for customers in order to increase the same, increase competitiveness compared to other firms in the sector, increase the quality of internal processes and services offered to the community. The present research aimed to identify the main internal criticalities and evaluate the possibility of correction, also considering the technical and economic aspects and the constraints of the firm layout. The research included a phase of cost analysis and benefit estimation, considering different possible scenarios. In the evaluation of the hypothetical investment, not only the purely economic aspects were taken into consideration, but also the qualitative ones. Results showed a potential excellent return on investment in the new business process, if it is accompanied by a progressive growth in indirect turnover due to new consulting activities induced by the reorganization of the laboratory. The study also shows that, in the event of the development of a turnover induced by the new multi-residual analysis activity, the investment has the potential to achieve more than satisfactory returns. To achieve these results, it was necessary to reorganize and optimize internal processes, based on a study of the internal production layout and how this affects current production both in terms of integration and for the acquisition of new highly qualified skills not present to date.
Introduction
Food business operators (FBO) are required to ensure that all stages of production, processing and distribution of food under their control meet the relevant hygiene requirements (Regulation ( The main objective of the project is to assess the possibility and convenience of developing new business processes to provide services to customers in order to increase the same, increase competitiveness with respect to other firms in the sector, increase the quality of internal processes and services offered to the community. After analyzing the internal processes, identifying the main firm criticalities, and evaluating the possible corrective measures, also taking into account the economic aspects and the firm layout constraints, attention has been focused on what has been considered the main criticalities, concentrating the study reported in this document. These are multi-residual analyses on food products: analyses aimed, that is, at identifying the presence of residual substances (e.g. residues of plant protection products) on products intended for food [1] [2] [3] [4] [5] . The reasons that have led the research team to consider the above critical issues arise from the observation, in recent years, of organizational difficulties, problems in quality control, possible delays in response times to customers and, as a result, in the potential loss of customers as well as the lack of opportunity to provide innovative services to each type of customer. Multi-residual analysis is aimed at identifying residual substances on products intended for food in the form of any matrix: solid, liquid or gaseous [6] [7] [8] . They are particularly requested and widespread on products of vegetable, animal and water origin. In addition to chemical residues of synthesis, the research of mycotoxins is of interest today [9] [10] [11] [12] . The initial analysis was carried out by a team with representatives from different business sectors: management, administration, consultants and managers and laboratory technicians. 
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Case study
The firm under analysis operates in the field of consulting services to firms and individuals related to environmental safety, food and related to health and safety in the workplace. The work process is mainly aimed at aiding services to small, medium and large enterprises, which includes the entire management of processes related to safety services, first and second part audits, information and training, updating and ongoing support. In order to implement the requirements, the food firm applies self-control, keeping its own production under control. Within the scope of the self-control measures that every food-producing firm must put in place, sampling and analysis activities are also included, for which the FBO must avail themselves of the support of self-control laboratories. These self-test laboratories must meet certain requirements:  laboratories not attached to food businesses carrying out analyses as part of the self-monitoring procedures for food businesses;  laboratories attached to food businesses carrying out analyses for selfmonitoring purposes on behalf of other food businesses belonging to different legal entities. In Italy, in 2018, there were 19 accredited laboratories for multi-residual analyses of food products, almost all of which were run by private individuals. The map in figure 1 shows the distribution of these laboratories on the national territory. 
Assessment of business processes
The internal implementation of a laboratory for multi-residual analyses would make up for the above criticalities: the above multi-residual analyses have been outsourced to other laboratories, resulting in extra costs (e.g.: delivery of samples) that have necessarily been passed on to customers who, however, have to compare similar services at different prices. In any case, it must be considered that, in this case, the costs incurred would not only be those for the purchase of the equipment and consumables necessary for their operation, but also the other costs listed below:  Implementation of a marketing plan.  Costs for laboratory accreditation.  Costs per room to be used as a multi-residual analysis laboratory.  Costs for specialized personnel.  Higher costs for energy consumption. The extension of laboratory activities to multi-residual analyses would create a competitive advantage compared to the large accredited laboratories present on the national territory, which essentially only carry out analysis activities. The possibility of reaching firms in the agri-food sector directly with their consultants, would allow the possibility of directing them towards the production of products that comply with the regulations in force and to demonstrate (to the various stakeholders, first of all the control bodies) such compliance. All this in a fully traceable process. Undoubted competitive advantages would be towards consulting competitors: in addition to the advantages, it would be possible, for example, to develop "ad hoc" procedures for each type of customer. In the same way, procedures could be developed for the protection of firms in the agri-food sector, based in the EU, that intend to export their products to non-EU countries (product certification). This last possibility represents a real innovation and an added value of the project which is not found in other similar realities.
Methodology
There are five stages in the development of the research project. The first phase of the GM 4.0 project involved collecting the necessary documentation. It was therefore necessary to study the standard concerning the official methods of analysis (UNI EN 15662:2018) and the specific bibliography. In the second phase, following the study of the standard and the bibliographic data collected, the products intended for import and export that present the greatest criticality in terms of food safety were identified. Then (third phase) from the official test method, the instrumentation, reagents and reference materials necessary for carrying out the tests were identified. The fourth phase consisted of a market survey for the purchase of the necessary instrumentation and all ancillary equipment. In this regard, the main suppliers were identified and the quotations (quotations) and technical data sheets for the proposed instruments were collected. The fifth phase of the project took into consideration the technical characteristics of the proposed instruments in order to select those most suitable to be introduced into the process. In particular, the performance of the tools themselves was evaluated in terms of resolution and software supplied. This phase was conducted by the structured expert technicians, also through the execution of demos in equipped laboratories. The last phase involved a technical-economic judgement. The methods adopted for this last phase will be discussed in the next paragraph.
Results
The firm has divided its business processes into: (i) primary processes, which have a greater impact on business results, are able to create value recognized by the customer and their operational performance, in terms of cost, quality and time, strongly influence the level of satisfaction of the end customer himself; they are processes that directly produce a result for the outside; and (ii) support processes, necessary for business management but which contribute to the creation of value in an indirect way, playing a role as suppliers of primary processes, providing them with input and support, promoting efficiency and effectiveness. They are strictly necessary for the functioning of the primary processes, even if they do not produce an output recognizable by the final customer. They are characterized by internal customers only. Once the processes within the firm have been defined, they must obviously be managed, in the sense that "they must be carefully planned, designed and documented, they must be supported by the right infrastructures and, more generally, the contribution of all that is necessary for their correct execution must be guaranteed, they must be measurable, in the sense that it must be possible to define a series of quantities, the object of measurement, that allow us to understand how well the objectives of a process are achieved". The results of this re-engineering have been:  integration and interoperability between heterogeneous systems, with the aim of building complex processes that exploit the functionality of all in a transparent and efficient way;
 removal of redundancies and consolidation, eliminating those functional overlaps that cause duplication, greater complexity and management problems;  standardization and use of best practice, reshaping the process according to pre-existing models that facilitate, at a later stage, the comparison between different firms, the analysis of performance, interoperability and replacement of parts of the process or systems involved with others;
Description of instruments for multi-residual analysis
The quadrupole mass analyzer is a type of analyzer used in mass spectrometry. In the mass spectrometer, the quadrupole mass analyzer is the component of the instrument responsible for conveying the ions of the sample under examination to the detector, based on their mass-to-charge ratio (m/z). A mass analyzer is essentially a mass filter capable of transmitting only the chosen ion. A mass spectrum is obtained by sequentially exploring the mass field of interest (scan). This type of analyzer is most commonly used in mass spectrometers for routine analysis. It has unitary resolution. An instrumental configuration consisting of three quadrupoles in series is used in so-called "triple quadrupole" instruments. In this configuration, the first and third quadrupoles act as mass filters, while the central quadrupole, filled with an inert gas (nitrogen or argon), acts as a collision cell (the central quadrupole is applied a radio frequency whose function is to keep focused the ions generated by the rupture of the parent molecule). A triple quadrupole instrument (such as those selected in this project), in addition to the functionality of the single quadrupole instrument, has more. In fact, it is possible to operate in "product ion scan", where the first quadrupole selects a fixed m/z ratio ion; after fragmentation, the third quadrupole scans a given mass range. In this way it is possible to obtain information on the identity of a molecule from the analysis of the fragments. In the "parent ion scan" mode, on the other hand, it is the third quadrupole that is permanently tuned to a given m/z, while the first quadrupole works by scanning over a mass range. This mode allows to identify classes of molecules structurally similar.
In the "neutral loss scan" mode instead, both quadrupoles work in scanning, but between the first and the third quadrupole a fixed difference of m/z is maintained, in other words while the first quadrupole is tuned to a given m/z the third is at (m/z -x), and x is kept constant during scanning. It is thus possible to easily identify classes of molecules that have in common a part of the structure. The "parent ion scan" and "product ion scan" modes are especially useful for metabolism studies. Another mode, single reaction monitoring (SRM) is used for quantitative analysis in systems coupled with liquid chromatography or gas chromatography. In this case the identity of the molecule is known a priori, and the first quadrupole is fixed on a determined value of m/z, while the third on that of a fragment. This mode allows to increase the specificity of the detection system. In case more than 7 one fragment is selected, we speak of "multiple reaction monitoring" (MRM).
Innovative process methodologies for the agro-food sector
Technical-economic analysis
An estimate of the costs to be incurred and the benefits was made, also in terms of indirect revenues consisting of the increase in customers for requests for multiresidual analysis and other services in addition to laboratory analysis (HACCP consultancy, voluntary certification of food labelling) if the firm were to equip itself with a laboratory for multi-residual analysis: all over a time interval of 10 years. An increase in the number of analyses carried out each year from the current 300 to 3000 in the tenth year was considered.
Development of ad hoc procedures
The rapid reporting mechanism is an essential tool for risk assessment and consumer protection. The activity of the alert system involves the withdrawal of products dangerous to human or animal health. Multi-residual analyses so far have been carried out with a huge number of molecules screened and the tendency is to be established on the basis of the number of active substances that can be included in the list. This exercise of virtuosity, while on the one hand it could make the service more complete, on the other hand it risks becoming impractical for users of the Test Report, who find themselves having pages and pages of molecules and the illusion of having received an exhaustive picture. Considering that it is important to provide screening with a significant number of molecules, the aim of this work is to identify specific packages according to the matrix and the countries of origin of the product, so as to be able to carry out targeted, specific and more immediate analysis for the user. It is possible to evaluate dozens and dozens of analytical packages. The choice of the packages is not random but derives from a study of those categories of active ingredients that are not allowed in the European Union, but that are used in other countries that import into Europe. It is not by chance that the two packages reported as examples were chosen because the RASFF identified different nonconformities for insecticides on the indicated matrices coming from China and Vietnam.
Discussion
The analysis of the critical points in the internal processes has highlighted, as the main problem to be addressed, the outsourcing of some services such as the multiresidual analysis of products intended for food [13] [14] . In this regard, during 2018, a research activity was undertaken to verify the possibility of resolving the above-mentioned criticality. The activity required the commitment of different skills and led, after a careful study of the required analytical methodologies and regulatory requirements, to the selection of two types of tools that are essential for this type of analysis. A market survey was then carried out to identify instruments capable of meeting the firm's quality requirements and those required by the standards, particularly in terms of software and resolution. As a result of this, the survey focused mainly on financial aspects, i.e. the costeffectiveness of the investment, which would in any case be considerably challenging. In this regard, different scenarios were created, from the most pessimistic ones, on the basis of which the minimum annual number of complete multi-residual analyses to be carried out was calculated in order to allow an advantage, in terms of costs, with respect to the outsourcing of the process, to the most optimistic ones, including an increase in turnover for other consulting services induced by the presence of an internal laboratory for multi-residual analyses.
The results of the research exposed a potential convenience to the modification of the internal process that, in addition to stimulating the acquisition of new skills would bring undoubted advantages from the point of view of quality management and traceability of services. The internal rate of return on investment could reach, if the financial plan developed and illustrated in the previous chapters is fully achieved, a respectable value of 17.5%. However, the return would gradually be lower, moving to less optimistic scenarios, but remaining at percentage values close to 10 if it were possible to respect even just the progressive increase in the number of estimated annual multi-residual analyses. A judgement of convenience was made by comparing the costs currently incurred for each analysis entrusted to the outside and the internal unit costs, decreasing with the increase in the number of reports issued in the year. This survey indicates that it is necessary to exceed about 1500 analyses/year in order to have a convenience in the purchase of the instruments. From this point of view, the data available in the firm show that in recent years the specific requests have been significantly lower than these volumes: it will therefore be up to the firm management to assess the possibilities of increasing the number of requests from the market in a relatively short time (through appropriate marketing strategies). To this end, a possible activity that has been proposed in this study and which represents an innovative aspect of the project, is that concerning the development of "standard packages" specific for products intended for food with reference to those intended for import-export. If the firm decides to make the investment for the multi-residual analysis laboratory, a program will follow that can be summarized in the following points:
1. Preparation of a room for the new laboratory with construction of the power line, gas and positioning of counters, small ancillary equipment and computers. 2.
Setting up of a dedicated preparation area, with chemical hood, refrigerator and freezer for reagents and reference materials, glass cabinet.
3.
Purchase and installation of instrumentation with training at the manufacturer of personnel to be used in carrying out the tests.
4.
Definition of the performance criteria to be achieved in order to meet the regulatory requirements and the performances established by the method. 5.
Drawing up of a technical test procedure that takes into consideration all the operations necessary for the processing of samples, for the preparation and management of reference solutions, for the calibration of equipment and for the development of the instrumental method. 6.
The analytical packages to be developed must respond to the criticalities observed during the preliminary study phases. 7.
Validation tests with different matrices at different concentration levels (limit of quantification, legal limit) for the verification of the performance criteria established in the preliminary phase and for the construction of analytical packages that are a function of the matrix and the origin of the product. 8.
Programming of all activities necessary to ensure regular monitoring of instruments, analytical processes and staff skills. 9.
Carrying out routine tests with periodic checks.
Conclusions
After careful technical, economic and market evaluations, we can certify that the production process based on the project described above can be replicated on a firm scale, ensuring not only excellent performance results but also safety and reliability. The benefits are based on improved performance and optimization of internal processes with a reduction in downtime, making the firm more competitive compared to large brands operating in similar sectors. The methodology developed as part of this project and also resulting from the consultation of various recent scientific works mentioned in the bibliography, can be replicated in other areas of the firm. Potential future choices, also regarding business investments for other tools or services, may be facilitated by the experience and tools (eg: spreadsheets) developed during the execution of this study. The effects on the firm, in addition to those of an economic nature summarized in the previous paragraph, also concern less tangible aspects, such as the firm's image on the market, where it would gain greater visibility and autonomy: all this would involve a sure growth of the firm which could also develop new services, such as those already mentioned for stakeholders involved in importing and / or exporting products for food. But other products could also be tested in the laboratory for multi-residual analysis: among these of interest, for example, could be those for cosmetic products.
